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Field of the Invention 

The present invention relates to a method of preparing isocyanatoorganosi lanes and to certain 
isocyanatoorganosilanes so prepared 

Background of the Invention 



There has been a continuing need for a method of preparing isocyanatoorganosilanes, including 
isocyanatoalkylsHanes, in high yields and purities from economical and relatively non-hazardous raw 

w materials without generating significant quantities of hazardous by-products and waste materials Heretofore, 
isocyanatoorganosilanes have been made in relatively low volumes by inefficient or costfy processes. 

For example, isocyanatoorganosilanes have been prepared by processes involving addition of 
hydrosilanes to unsaturated isocyanates, particularly ally I isocyanate, in the presence of a noble metal 
catalyst. Allyl isocyanate is a highly toxic raw material of limited commercial availability 

15 Processes are also known in the art wherein isocyanatoaJkyisilanes are prepared from carbamatoalkyl- 

srlanes at a low temperature in the liquid phase, or from aminoalkylsilanes and highly toxic phosgene by 
various routes All liquid phase processes disclosed thus far suffer from one or more disadvantages of low 
yield, slow kinetics, need for highly toxic raw materials, need for extensive work-up or purification often in 
the presence of higher levels of close-boiling contaminants, and substantial generation of by-products and 

20 waste materials 

A method for making 2-isocyanatoethoxysilanes by liquid phase thermal rearrangement of N-stlyl-2- 
oxazolidinones has also been disclosed The bonding of the isocyanatoalkyl group to silicon atoms in these 
molecules is through a hydrolyzable silicon-oxygen bond, and the silane moiety does not contain additional 
alkoxy groups as are present and often necessary in current commercially useful isocyanatoalkylsi lanes 

25 The present invention surprisingly provides a method wherein isocyanatoorganosilanes are provided in 

high yields and purities with no need to use highly toxic phosgene or highly toxic ally! isocyanate, with no 
generation of highly corrosive hydrogen chloride as a by-product, with no need to use inert solvents as 
diluents, and with minimal formation of by-products, conlaminants, and waste materials Because the 
method of the present invention can be operated continuously with very short residence times, a relatively 

so small reactor is capable of large throughputs with a correspondingly small capital investment. 

The method of the present invention can also provide isocyanatoorganosilanes which have not been 
prepared by methods known to those skilled in the art, including isocyanatoorganosilanes in which the 
isocyanate groups are attached to silicon atoms through branched hydrocarbon groups Such branched 
hydrocarbon groups respond to a need for isocyanatoorganosilanes having isocyanate groups with varying 

35 degrees of reactivity, which provide corresponding desirable variations in the performance properties of 
products incorporating said isocyanatoorganosilanes, including wet strength, flexibility, and oxidation resis- 
tance. 

The method of the present invention can also provide isocyanatoorganosilanes wherein the silicon atom 
bearing the isocyanatoorgano group is further substituted by siloxy groups.. These compounds combine the 
40 high surface activity of low molecular weight siloxanes with the high reactivity of the isocyanate group, and 
are useful in providing improved coatings, particularly for metallic substrates such as in automotive 
applications 



Summary of the Invention 



45 



The present invention provides a method of preparing isocyanatoorganosilanes.. The method simply 
involves vaporizing a carbamatoorganosilane and heating said vaporized carbamatoorganosilane in a 
reaction zone at an elevated temperature for a time sufficient to form said isocyanatoorganostlane Specific 
isocyanatoorganosilanes that can be prepared include those having the general formula R >t (R"0) 3 - >c SiR , NCO 

60 wherein x is an integer having a value of 0. 1, 2 3 or 3, each R separately represents an a!kyl group or 
haiogenated alkyl group of 1 to 12 carbon atoms, a cycloalkyl group or halogenated cycloalkyl group of 5 to 
8 carbon atoms, an aryl group of 6 to 14 carbon atoms, or an alkaryl or aralkyl group of 7 to 15 carbon 
atoms, each R" separately represents R or a silyl group R a Si-, or a siloxy group RsSi(OSiR?) m - wherein m 
is an integer having a value of 1 to 4, or when x is 0 or 1 two R 11 groups together may form a divalent siloxy 

55 group -R?(OSiR?)rr wherein n is an integer having a vafue of 3, 4, or 5 thus forming a cyclic siloxane with 
the silicon atom bearing the isocyanatoorgano group, and R is as defined above, R T represents a divalent 
hydrocarbon group of 1 to 20 carbon atoms, preferably a linear or branched divalent saturated or 
unsaturated hydrocarbon group of 1 to 20 carbon atoms attached to silicon by a silicon-carbon bond, 
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including linear and branched alkyiene, arylene, alkarylene. and arafkylene groups, and wherein R and R r 
may also contain heteroatom functional groups such as ether, thioethec sulfone. ketone, ester, amide, 
nitrile. or halogen 

The method involves the elevated temperature thermally induced decomposition in the gas phase 
5 generally at ambient or reduced pressure of a carbamatoorganosilane of the general formula R x (R"0)- 
a-^SiR'NHGO^R wherein R, R 1 , R', and x are as defined above WhiJe the R and R" groups may vary within 
the product isocyanatoorganosilane or starting carbamatoorganosilane molecules, the R and R" groups 
attached to the oxygen atoms in the Isocyanatoalkyisilanes will generally, but not necessarily, be the same 

Thus, the method of the present invention is represented by the following general equation: 

10 

Heat 

R x (R"0) 3 ^ x SiR l NHC0 2 R — '1T > R * ( R "° ) 3 x S iR 1 NCO + ROH 

75 



wherein R, R", R' and x are as defined above. Preferably the reaction is conducted at an elevated 
temperature of 300° to 600 a C. The method of the present invention can be performed in continuous 
fashion in any flow-through apparatus having the capacity for maintaining an inert diluent atmosphere or a 

20 reduced pressure, for vaporizing the carbamatoorganosilane raw materials, for providing a heated reaction 
zone at an elevated temperature, preferably in the range of about 300° -600° G, for removing the ROH by- 
product, for maintaining physical integrity against the relatively high reaction temperatures, and for 
minimizing thermal conversion of the isocyanato-organosilanes so formed to silicon-containing ceramic 
compositrons which can accumulate in the apparatus 

25 While organic hydrocarbon isocyanates have been prepared at high temperatures in flow-through 
equipment the use of such a method to convert carbamatoorganosi lanes cleanly and at high yield to 
isocyanatoorganosi lanes was unexpected in view of the high temperature thermal conversions of a variety of 
organosilicon compounds to silicon-containing ceramic compositions, namely silicon carbide, silicon nitride, 
silicon oxycarbide, and mixtures thereof that one would have expected to occur. 

30 While not wishing to be bound by theory, it may be that the gas phase preparation of isocyanatoor- 

ganosilanes can occur at a higher yield than in the prior liquid phase preparation because the gas phase 
process, in essence, may permit the reaclion to proceed more on a unimolecular scale. Vaporization of 
carbarnatoorganosilanes in principle separates each silane molecule from closely bound equivalent mol- 
ecules as encountered in the liquid phase Thus, by-product or heavies formation by bimolecular or 

35 trimolecular reactions which occur in the liquid phase may be reduced or avoided in the gas phase 
Furthermore, applicant has found that the avoidance of any build-up of non-volatile residue in the reactor 
can be aided by adjusting the rate that the vaporized carbamatoorganosilane is introduced into the reaction 
zone The most appropriate rate for a particular reactor depends on a variety of factors, but can readily be 
determined by one skilled in the art using routine optimization 

40 One side reaction encountered in the liquid phase but not in the gas phase is the formation of close- 

boiling cyclic silyl carbamates from isocyanatoorganosilanes, with which they are isomeric. Simply heating 
isocyanatoorganosilanes, where R" is a methyl or ethyl group, in the liquid phase to about 140 " C causes 



Heat R x { R" O ) 2 _ X S i -NC0 2 R" 
R x (R"0) 3 _ x SiR , NCO > 



significant rearrangement of isocyanatoorganosiiane to cyclic silyl carbamate where x is 0, 1, or 2 
Correspondingly, isocyanatoorganosilanes prepared in the liquid phase contain significantly higher contents 
of cyclic silyl carbamates as close-boiling contaminants, compared to the same materials prepared by the 
present invention 

55 Under optima! conditions, the method of the present invention provides isocyanatoorganosilane pro- 

ducts requiring no further purification for industrial use Where an impurity is present, the impurity is 
essentially the starting carbamatoorganosilane, which can be removed by simple distillation and recycled to 
provide additional product 
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The products of the method of the present invention namely isocyanatoorganosilanes, and particularly 
(MeO)3Si(CH?)3NCO and (EtOfeSKCl-bhNCO, are articles of commerce, with numerous uses in manufacture 
ing industries.. One use. for example, is in the preparation of si lane -grafted polymers as disclosed in US 
4,113,691 and U S. 4,146,535. 

DETAI LED DESCRIPT ION O F THE INVENTION 

The present invention provides a method of preparing an isocyanatoorganosilane by elevated tempera- 
ture thermally induced decomposition of a carbamatoorganosilane preferably at a temperature in the range 
of about 300 to 600 "C in the gas phase generally under ambient or reduced pressure Preferably the 
method is used to prepare an isocyanatoorganosilane having the general formula R x (R"0) s .^SiR'NCO from 
a carbamatoorganosilane having the general formula R^R^Ota-xSiR'NI-KX^R according to the equation: 



wherein x is an integer having a value of 0, 1, 2, or 3, each R separately represents an alkyl group or 
halogenated alkyl group of 1 to 12 carbon atoms, a cycloalkyl group or halogenated cycloalkyl group of 5 to 
8 carbon atoms, an aryl group of 6 to 14 carbon atoms, or an alkaryl or aralkyl group of 7 to 15 carbon 
atoms, each R" separately represents R or a silyl group R^SK or a siloxy group R3Si(OSjR ? ) m - wherein m 
is an integer having a value oi 1 to 4, or when x is 0 or 1 two R 1T groups together may form a divalent siloxy 
group -SiR 2 (OS1R2 )n- wherein n is an integer having a value of 3, 4, or 5, thus forming a cyclic siloxane with 
the silicon atom bearing the isocyanatoorgano group, and R is as defined above, R" represents a linear or 
branched divalent saturated or unsaturated hydrocarbon group of 1 to 20 carbon atoms attached to silicon 
by a silicon-carbon bond, including alkylene, arylene, alkarytene, and aralkylene groups, and wherein R and 
R l may also contain heteroatom functional groups such as ether, thioether, suffone, keLone, esier, amide, 
nitrite, or halogen It should be recognized that the R, R\ R", and heteroatom functional groups in the 
starting materials and products are those which can be subjected Lo the conditions of the method without 
adverse chemical change While the R and R T ' groups may vary within the isocyanato-organosilane and 
carbamatoorganosilane molecules, the R and R" groups attached lo oxygen atoms in said isocyanatoor- 
ganosilanes will generally, but not necessarily, be the same 

The method of the present invention generally is performed in continuous fashion in any flow-through 
apparatus having the capability for maintaining an inert atmosphere, tor vaporizing the carbamatoor- 
ganosilane raw material, for maintaining a heated reaction zone al an elevated temperature preferably in the 
range of about 300" to 600° C, for removing the ROH by-product, for maintaining physical integrity against 
the relatively high reaction temperature, and for minimizing thermal conversion of the isocyanatoor- 
ganosilane products so formed to silicon-containing ceramic compositions. The apparatus may be con- 
structed from metal, alloy, glass, or coramic material, and may be connected to ancillary equipment as 
needed for feeding the carbamatoorganosilane to the vaporizer/heated reaction zone, and for collecting and 
optionally purifying the isocyanatoorganosilane products Reaction conditions are not narrowly critical, since 
yields can be optimized by adjusting residence times and temperatures in a given apparatus The method 
of the present invention can also be operated at atmospheric, subatmospheric, or superatmospheric 
pressures However, atmospheric or subatmospheric pressures in the range of 10 mm - 760 mm are 
normally preferred Various catalysts are known in the art for catalyzing the decomposition of carbamates to 
isocyanates and alcohols However, the use of a catalyst in the method of the present invention is optional 

Thermal input to the carbamatoorganosilane vaporizer and heated reaction zone can be provided by 
superheated steam, llarne furnace, or by electrical heaters, and controlled and measured by standard 
devices for that purpose. Configuration ot such total equipment regarding direction of flow, multiplicity and 
size of contained flows, and shape or pattern of flow are also not narrowly critical One assembly of 
equipment, generally referred to as a hot tube reactor, is well known in the art and is in use in the 
commercial production of various chemicals which require high temperature process steps in the gas 
phase 

A preferred apparatus for conducting the process of the present invention on a laboratory scale 
comprises a stainless steel tube packed with stainless steel saddles Thermal input is provided electrically 



Heat 



R x ( R"0) 3 _ x SiR f NHC0 2 R 




> R x (R , '0) 3 . x SiR , NCO + ROH 
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The system can be operated operated al 300 to 760 mm pressure with vaporizer temperatures in the 340 ° 
to 380° range, and heated reaction zone temperatures in the 400° to 520 c range. 

it is understood that various mechanical devices known in the art such as spray nozzles or atomizers, 
may be used to assist in vaporizing the carbamatoorganosilane raw materials, and that the vaporizer 
5 temperature need not be different from that of the temperature prevailing in the reaction zone 

Preferred carbamatoorganosilanes and the resulting isocyanatoorganosilane products are those wherein 
the R groups have 1 to 4 carbon atoms, and most preferably 1 to 2 carbon atoms AJkyl groups are 
preferred, i.e., methyl or ethyl groups Preferred R" groups are R groups, thmethylsilyl groups, or divalent 
siloxy groups, -SiMe2(OSiM 2 ) n -, where n is 3 or 4, formed from two FT groups when x is 1 Preferred FT 
10 groups are linear or branched divalent hydrocarbon groups containing 1 to 11 carbon atoms of the formula 
-C n H 2n -, preferably where n is an integer of 3 to 6, and most preferably the divalent hydrocarbon group 
-(CH2)3- It is understood that the divalent hydrocarbon group -C n H 2n - can be branched, and thai the 
isocyanate group of the product may be attached to a primary, secondary, or tertiary carbon atom. Thus, 
isocyanatoorganosiianes, R x (R"0) 3 - x SiR r NCO J wherein R' is selected from the group of -ChbChbCMes-, 
is -CH 2 CH 2 CMTv1eCH ?N -CH 2 CH 2 CMe 2 CH 2 -, and -CH 2 GHMeCH 2 - where Me is a methyl group, are also 
preferred embodiments of the present invention . Preferred values of x include 0, 1, and 2, with the values of 
0 and 1 being most preferred 

Carbamatoorgaosi lanes usetul in the method of the present invention for making isocyanatoor- 
ganosiianes may be selected from the group of: (MeO) 3 Si(CH 2 ) 3 NHC0 2 Me, 
20 Me(MeO) 2 Si(CH 2 ) 3 NHC0 2 Me, Me 2 (MeO)Si{CH 2 )3NHC0 2 Me, 

{EtO) 3 Si(CH 2 ) 3 NHG0 2 Et, Me(EtO) ? Si(CH 2 ) 3 NHC0 2 Et, 

Me 2 (EtO)Si(CH 2 )3NHC02Et, (PrO)3Si(CH 2 ) 3 NHC0 2 Pr, 

(MeO)3StGH2GHMeCH 2 NHC02Me ) Me (MeO) 2 Si C H 2 CH MeG H 2 N H C 0 2 Me , 

(EtOfe SiCH 2 CHMeCH 2 NHCO? Et, Me 2 (MeO)SiCH 2 CHMeCH 2 NHC0 2 Me, 
25 Me(EtO) 2 SiCH 2 CHMeCH ? NHC0 2 Et, 

Me 2 (EtO)SiCH 2 CHMeCH 2 NHCO2 Et, 

(MeO) 3 Si(GH 2 )4NHC0 2 Me, Me(MeO) 2 Si(CH 2 ) 4 NHC0 2 Me, 
Me2(MeO)Si(CH 2 )4NHC0 2 Me, Me(EtO) 2 Si{CH 2 ).i NHC0 2 Et, 
(F 3 CC H 2 0) 3 Si(CH 2 ) 3 N H CO? Me, Me(F 3 CCH 2 0) 2 Si (CH 2 ) 3 NHC0 2 Me, 
30 Me(EtO) 2 Si(CH 2 ) 2 CHMeCH? N H GO- Et, 

(MeO) 3 Si<GH 2 ) 2 CHMeCH 2 NHC0 2 Me, 

Me(MeO) 2 SiCH 2 NHC0 2 Me and the like wherein Me is a methyl group, Et is an ethyl group, and Pr is a 
propyl group 

The carbamatoorganosilane raw materials may be prepared by any of the variety of methods known in 
35 the art, including by reaction of aminoorganosilanes with chloroformate esters, by reaction of hydrosi Janes 
with unsaturated carbamate esters, by reaction o\ chJoroorganosi lanes with cyanate salts in the presence of 
an alcohol, or by reaction of aminoorganosilanes with dialkyl carbonates in the presence or absence of a 
catalyst The latter method is the preferred method, and is disclosed in U.S. 5,218,133, assigned to the 
same assignee as the present invention and incorporaled herein by reterence tt is understood that virtually 
40 any aminoorganosi lane can be converted to the corresponding carbamatoorganosilane, and said cor- 
responding carbamatoorganosilane can be converted to the corresponding isocyanatoorganosilane by the 
method of the present invention, with the provisos that the corresponding carbamatoorganosilane be 
vaportzabte and tho corresponding isocyanatoorganosilane be stable under the gas phase reaction con- 
ditions. 

45 In addition to those aminoorganosilanes used to prepare the specific carbamatoorganosilane structures 

shown above, aminoorganosilanes leading to carbamatoorganosilanes useful in the method of the present 
invention also may be selected from the group of: 

( MeO) 3 Si (CH 2 ) 2 CMe 2 NH 2 , Me(MeO) 2 Si (C H 2 ) : , CMe?NH?, 

(MeO) 3 S i (C Ho ) 2 CMe 2 CH 2 N H 2 , (EtO) 3 Si(CH 2 )■> CM e» CH 2 N Ha 
50 Me(Meo) 2 Si(CH 2 ) 2 CMe 2 CH 2 NH 2 , Mc 2 (EtO)Si(CH 2 >GMe 2 GH 2 NH 2 , 

(MeO) 3 SiCH = CHGMe 2 NH 2 , Me(MeO) 2 SiCH - CHCMe 2 NH 2 

(MeO)a Si(CH 2 ) 2 C 5 H 4 CH 2 NH 2 . Me(EtO)?Si(CH 2 ) 2 CG H 4 ChbNhb - 

(EtOb Si (CH 2 ) 3 OC & H* N H ? , Mc(MeO) 2 Si{CH 2 ) 3 OC & H 4 N H 2 , 

(M eO) 3 Si (CH 2 ) 3 N HC E H* N H 2 , Me (Et 0) 2 Si (C H? ) 3 NH C E H< N H ? , 
55 Me(Me 3 SfO) 2 Si(GH 2 ) 3 NH 2 , (Me 3 SiO) 3 Si(CH 2 ) 3 NH 2 , 

C[ OS iMe^ )~ 3 o£ iMe ( CH 2 ) 3 NH 2 , C( OSiHe^) 4 OS iMe ( CH 2 ) 3 NH 2 , 

5 



BNSDOCIR: <EP_ 



_De49D50M _.!._> 



EP 0 649 850 A1 



{MeO) 3 Si(CH 2 )ii NH 2 , (MeO)s Si C G Lh NH ?t and the like wherein Me and El are as defined above and 
C 5 PL is a phenylene group 

Isocyanatoorganosilanes having the formula R^fR^O^-xSiR'NCO, wherein R T is a divalent branched 
hydro-carbon radical of 3 to 11 carbon atoms, preferably one sefecled from the group of -CH;>CHoCMe2- 
s ,-CH 2 CH 2 CHMeCH ? ^ -GH 2 CH 2 CMe ? CH2-, and -CH ? CHMeCH 2 -. and R t R", and x are as defined as above, 
have riot been prepared prior to the present invention. The faerie preparation of these mofecules by the 
process of the present invention was unexpected in view of the tendency of branching in the group R' to 
promote cyclization reactions For example, the facile cyciization of (MeO).-iSiCH?CH ? CMe<>CH2NH2 is 
disclosed in copending application Serial No 07/993,304, assigned to the same assignee of the present 
70 invention 

The isocyanatoorganosilanes, R x (R ,, 0) 3 ^ >: Si{CH2)sNCO, wherein R" represents a silyl group RsSi- or 
wherein two R" groups together form a divalent siloxy group -SiRsfOSiR?)^, and wherein R, n> and x are as 
defined above, possibly can be prepared by phor art methods, but, with the exception of (Me 3 SiO)3Si(CH;>)- 
s NCO, have not been so prepared 

75 Whereas the exact scope of the present invention is set forth in the appended claims, the following 

specific examples illustrate certain aspects of the present invention and, more particularly, point out 
methods of evaluating same.. However, the examples are set forth for illustrative purposes onfy and are not 
to be construed as limitations on the present invention The abbreviations g, mol, min, sec, cm, mm, and ca 
respectively represent gram, molecular equivalent, minute, second, centimeter, millimeter, and about; 

20 temperature is reported in degrees Centigrade Yield and by-product percentages are reported as weight- 
percent values, corrected by appropriate response factors, as determined by gas chromatography. AN 
reactions were run under an inert atmosphere of nitrogen, or under a reduced pressure. 

EXAM PLE 1 - PRE PARATION OF 3 - l$QC YANATQPROPY LTRiMETHOXYSl LANE 

25 

Methyl N-(3-trimethoxysilylpropyl)carbamate (1135 g, 4.79 mols) was fed to a vertically mounted 
stainless stee! hot tube reactor, packed with stainless steel saddles and having a volume of 65 cm 3 , at a 
rate of "L2 g/min. The top of the reactor served as a vaporizer and was maintained at 380° C while the 
remainder of the reactor was maintained at 520 * C The reactor pressure was maintained at 400 mm Hg 

30 Product was collected in an air-cooled flask connected to the lower end of the reactor at ambient 
temperature Subambienl cooling was achieved by the removal of methanol from the crude product by the 
periodic application of vacuum (ca 5 mm Hg). Removing methanol by the intermittent application of a higher 
vacuum lo the air-cooled flask in which product was collected also inhibited any recombination between the 
isocyanatoorganosilane and the by-product alcohol that might otherwise have occurred. A total of 988 g 

35 (4 82 mols, 93% yield) of 3-isocyanatopropyltrimethoxysilane was collected at a purity of 92%, based on 
gas chromatographic analysis.. 

EXAMPLE 2 - PREPARATION OF 3-SSOCYANATOPROPYLTRIETHOXYSILAME 

■10 Ethyl N-(3-triethoxysilylpropy0carbamate (52 g, 0 18 mol) was fed to an unpacked stainless steel upflow 

hot tube reactor having a volume of 86 cm 3 (1 05 cm X 76 cm) at a rate of 2.6 g/min The vaporizer was 
maintained at 340° C and the remainder of the hot tube at 460° C The reactor pressure was maintained at 
ambient atmospheric pressure. Crudo product (49 7 g) was collected, containing 39 1 g (0.16 mol, 89% 
yield) of 3-isocyanatopropyltriethoxysilane, based on gas chromatographic analysis 

15 

EXAMPLE 3 - PREPARATION OF 3-ISOCYANATOPROPYLMETHYLDlMETHOXYSILANE 



The procedure of Example 1 was followed using the same reactor, temperatures, and pressure Methyl 
N-(3-methyldimethoxysilylpropyl)carbamate (15 4 g, 0 07 mol) was fed to the top of the reactor at a rate of 
50 10 g/min 3-lsocyanatopropyimethyldimethoxysilane (11 6 g, 0,06 mol, 76% yield) was collected at a purity 
of 86% as determined by gas chromatographic analysis 

EXAMPLE 4 - STABILITY TEST OF 3-ISOCYANATQ P RQPYLTRIET HQX YSlLAN E 

55 A sample of purified 3-isocyanatopropyltriethoxysilane was passed through the hot tube reactor of 

Example 2, except that the reactor temperature was 465" C and the pressure was 300 mm Hg The 
residence time in the reactor was 3 0 sec Only 2.5 % of close-boiling by-products were formed, with no 
formation of uneluted heavies by gas chromatographic analysis This example shows that products of the 

6 
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process of the present invention are stable in the hot tube reactor under reaction conditions, and that 
uneluted heavies are not formed from said products under reaction conditions. 

EXAMPLE 5 - P REPAR ATION OF 3,3-DtMETH YL-4-ISOCYA NATOBUTYLMETHYLD lMETHOXYSILANE 

5 

Methyl N-(2 J 2-dimethyP4-methyldimethoxysilylbutyl)carbamate, Me(MeO)- 

2SiCH2CH2CMe2CH?NHC02Me (18 4 g), was passed through the apparatus of Example 1 at a rate of 1.4 
g/min at 400 mm Hg with the vaporizer at 350 9 C and the hot tube at 590 °C The product was stripped 
under vacuum to yield 15.6 g of Me{MeO)2SiCH 2 CI-bCMe:>CH 2 NCO (85 % purity by gas chromatographic 
io analysis, 32% yieid) 

COMPARATIVE EXAM PLE A - LIQUID PHAS E PREPARATIO N OF 3-ISOCYANAT OPROPYLTRIETHOX- 
YSILANE 

Ethyl N-(3-triethoxysilylpropyl)carbamate (348.7 g, 1.19 mols) was heated at 200° C tor 5 hours at 50 
mm Hg pressure The glass flask reactor was fitted with a 10 tray Oldershaw distillation column to remove 
the isocyanatoalkylsilane product to a receiver as it was formed Product cuts were collected at 149-156" 
O50 mm Hg totalling 218.5 g, containing 210 g of 3-isocyanatopropyltriethoxysilane (71% yield), plus a 
mid-cut at 154-168" C/50 mm Hg (38 9 g) which contained only 51 6% of 3-isocyanatopropyItriethoxysilane, 
with 11 1% of cyclic silyl carbamate, 18 5% of starting carbamate, and 17 5% of uneluted heavies by gas 
chromatographic analysis If analysis. If the 3-isocyanatopropyltriethoxysiIane in this crude mid-cut is added 
to that in the purer cuts, the total yieid is 78.3%, which compares well with the 72.9% yield calculated from 
Example 2, U S 3,607,901, also a liquid phase example. This example, and that of U S 3,607,901, of liquid 
phase preparation ol isocyanatoorganosilanes, show that yields are lower and contents of close- boiling 
cyclic silyl carbamate contaminants are higher (ban those of the present invention, which is a gas phase 
process 

COM PAR AT IVE EXAMPLE B - LIQUID P HASE STABILITY OF 3-ISOCYANA TOFROPYLTRIETHOX- 
YS ILANF 

30 

A sample of 3-tsocyanatopropyltriethoxysilane, as prepared in Comparative Example A, was heated 
under an inert atmosphere at 140° C After 6 hours, the purity had dropped to 85.6 %, wilh 12 1% of cyclic 
silyl carbamate being present. After 2 days at 140* C, the sample contained 57 8% of heavies, as 
determined by gas chromatographic analysis This example, in conjunction with Example 4 of Lhe present 
35 invention, shows that isocyanatoorganosilanes are much less stable under liquid phase conditions than they 
are under gas phase conditions even though temperatures are much higher under gas phase conditions 

The principles, preferred embodiments, and modes of operation of the present invention have been 
described in the foregoing specification The invention which is intended to be protected herein, however, is 
not to be construed as limited to the particular forms disclosed, since they are regarded as illustrative rather 
40 than restrictive Variations and changes may be made by those skilled in the art without departing form the 
spirit of the invention 

Claims 

45 1. A method for preparing an isocyanatoorganosilane comprising vaporizing a carbamatoorganosilane and 
heating said vaporized carbamatoorganosilane in a reaction zone at an elevated temperature for a time 
sufficient to form said isocyanatoorganosilane 

2. The method of Claim 1 wherein the isocyanatoorganosilane has the formuEa R y (R M 0)3-xSiR'NCO t 
so wherein x is an integer having a value of 0, 1, 2, or 3, each R separately represents an alkyl group of 1 

to 12 carbon atoms, a halogenated alkyl group of 1 to 12 carbon atoms, a cycloalkyl group or a 
halogenated cycloalkyl group of 5 to 8 carbon atoms, an aryl group of 6 to 14 carbon atoms, or an 
alkaryl or aralkyl group of 7 to 15 carbon atoms, each FT separately represents R, a silyS group R3SK a 
siloxy group RsSKOSiR?)^- wherein m is an integer having a value of 1 to 4, or two R" groups together 
55 may form a divalent siloxy group of the formula --SiR2(OSiR2)r/- wherein n is an integer having a value 

of 3, 4, or 5, and R is as defined above, and R' is a divalent hydrocarbon group of 1 to 20 carbon 
atoms attached to silicon by a silicon- carbon bond, and wherein R and R' optionally contain heteroatom 
functional groups selected from the group consisting of ether, thioether, sulfone, ketone, ester, amide, 
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nitrile, or halogen 

The method of Claim 1 wherein the elevated temperature is between 300° C and 600* C and said 
reaction zone is maintained a1 a reduced pressure between 10 mm and 760 rnm Hg 

The method of Claim 2 wherein FT is selected from the group consisting of divalent aJkyiene groups, 
divalent arylene groups, divalent alkarylene groups, and divalent aryiene groups 

The method of Claim 2 wherein R is a methyl group or an ethyl group and the R goups attached to 
oxygen atoms are the same, x is 0 or 1, and R' is -(C n H; :n )-, where n is an integer of 3 to 6. 

The method of Claim 1 wherein the carbamatoorganosiJane is selected from the group consisting of 
(MeO) 3 Si(CH 2 }3NHC02Me, Me(MeO) 2 Si(CH 2 ) 3 NHC02Me, and (EiO) 3 Si(CH 2 ) 3 NHC0 2 Et where Me is a 
methyl group and Et is an ethyl group 

The method of Claim 2 wherein the isocyanatoorganosilane is selected from the group consisting of 
Me(Me3SiO) 2 Si(CH 2 )3NCO, (Me 3 SiO)^Si(CH 2 ) 3 NCO, (OSiMe 2 )30SiMe{CH 2 ) 3 NCO. and (OSiMe?)- 
4 0SiMe(CH 2 )3NCO, where [vie is a methyl group 

The method of Claim 1 wherein the reaction zone comprises a continuous flow-through metal tube 
reactor with means for vaporizing said carbamatoorganosiiane and for collecting said isocyanatoor- 
ganosilane 

An isocyanatoorganosilane having me formula R x {R"0) 3 .- M SiR'NCO, wherein x is an rnteger having a 
value of 0, 1, 2, or 3, each R separately represents an alkyl group of 1 to t2 carbon atoms, a 
halogenated alky! group of 1 to 12 carbon atoms, a cycloalkyl group or a halogenated cycloalkyl group 
of 5 to 8 carbon atoms, an aryf group of 6 to 14 carbon atoms, or an alkaryl or aralkyl group of 7 to 1b 
carbon atoms, each R" separately represents R, a silyl group RsSi-, a siloxy group R 3 Si(OSiR 2 ) m - 
wherein m is an integer having a value of 1 to 4, or two R" groups together may form a divalent siloxy 
group of the formula -SiR 2 (OSjR 2 ) n - wherein n is an integer having a value of 3, 4, or 5, and R is as 
defined above, and R* is selected from tiie group consisting of -CH 2 CH 2 CMe2-, -CH 2 CH 2 CHMeCH?-, 
-CH 2 CH 2 CMe2CH 2 ", and -CH 2 CHMeCI~b-, where Me is a methyl group 
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